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Stainless Steel c 


Stainless steel is an iron based alloy made of some of the basic elements 
such as, Iron, Chromium, Silicon, Nickel, Carbon, Copper, etc. 

It has excellent resistance to corrosion due to its chromium content, 
which normally range from 10.5 to 20 percent of the alloy. 

There are five families of stainless steel these are. 
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Ferritic ie 


These steels are based on Chromium with small amounts of 
Carbon usually less than 0.10%. 


They have a similar microstructure to carbon and low alloy steels. 
They are usually limited in use. Ferritic steels are also chosen for 
their resistance to stress corrosion cracking and are magnetic. 
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Properties ox 
aN 


* a straight chromium non-hardenable class of stainless alloys 
that have chromium contents ranging from 10.5 to 30 % and 
low carbon content of 0.08 to 0.2 %. 


* differs from other forms of stainless steel in two critical 
regards :- molecular grain structure and chemical composition. 


¢ non-hardenable by heat treatment by martensitic 
transformation due to the absence of austenite phase at any 
temperatiuure. 


* only annealing heat treatment is suitable for ferritic stainless 
steels 


* can be moderately hardened by cold working. 
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Chemical Composition 


* contain higher amounts of chromium than other forms of 
stainless steel. 


* chromium contents ranging from 10.5 to 30 % and low carbon 
content of 0.08 to 0.2 %. 


¢ difference between ferritic and austenitic stainless steels is that 
ferritic stainless steels contain little or no nickel. 


* ferritic steels contain hardly any carbon. 
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Ferritic Grain Structure 


Ferritic stainless steels are so called because they are made up of the 
microstructures known as ferrite. 


Ferrite is a metallurgical phase of iron within which metallic alloying 
elements are in a solid solution, but carbon is effectively insoluble. 


Ferrite is practically absent in quenched martensitic and austenitic stainless 
steels. 


Note that annealed martensitic stainless steels also contain carbide and 
ferrite. 


Ferritic steels have a BCC (body centered cubic) grain structure. Austenitic 
and other types of stainless steel, however, possess a FCC (face centered 
cubic) grain structure. 


BCC is responsible for ferritic stainless steel’s magnetic nature 
In this electrons are arranged at the core of the metal's grain. 
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Five Groups of Ferritic Stainless Steel 


Group | ferritic steels are among the least expensive types of stainless 
steel. They have extremely low chromium levels, meaning that they tend to 
gather a layer of localized surface rust over time. 


Group 2 ferritic steels are the most commonly used type. Because of their 
higher chromium levels, these steels possess greater corrosion resistance. 
Group 2 ferritic steels are generally used for building features and interior 
appliances. 


Group 3 ferritic steels are well known for their ease of forming and 
welding, meaning they are suitable for a wide range of applications. 


Group 4 ferritic stainless steels contain higher amounts of molybdenum, 
further improving their corrosion resistance. This type of steel is commonly 
used for high-moisture applications like exhaust systems and hot water 
tanks. 


Group 5 ferritic steels have the highest chromium levels, giving them a 


degree of corrosion resistance which is unmatched by all but a handful of 
other metals. 
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Ferritic stainless grades include 


409 stainless steel 
430 stainless steel 
430LI stainless steel 
434 stainless steel 
439 stainless steel 
442 stainless steel 
444 stainless steel 
446 stainless steel 
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Characteristics of Ferritic Stainless Steel 


* Resistance to Stress Corrosion Cracking 


¢ Stress corrosion cracking (SCC) is a frequently 
occurring type of steel degradation which is 
triggered by a combination of a corrosive 
environment and tensile stress. 


¢ The microstructures present in ferritic steels, 
afford them a high degree of resistance to SCC, 
making them a good choice for use in 
environments and applications where chlorides 
may be present. 
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Characteristics of Ferritic Stainless Steel 


* Good Ductility and Formability 


¢ Steel’s hardness comes from carbon, yet carbon also 
contributes to making steel less ductile and more 
brittle. Because ferritic steel contains carbon levels low 
they usually possess above average ductility. This 
means that ferritic steels can be shaped considerably 
without risk of weakening. 

¢ Ferritic steels’ low carbon content also provides them 
with exceptional formability properties, allowing them 
to be formed into numerous shapes without having to 
contend with probléms such as cracking or necking. 
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Characteristics of Ferritic Stainless Steel 


¢ Low Thermal Expansion 


° Ferritic steels have a naturally low coefficient 
of thermal expansion. These steels will 
undergo less expansion as they take on heat. 

* Because the metal will retain its fixed 
dimension more readily, this makes ferritic 
stainless steels well suited to high 
temperature applications. 


© Copyrights 2018 HITAM. All rights reserved. 2 


Characteristics of Ferritic Stainless Steel 


¢ High Thermal Conductivity 


* Ferritic stainless steels possess outstanding 
thermal conductivity attributes, meaning that 
heat can move through them efficiently. As a 
result, ferritic steels see widespread use in 
furnace and boiler, heat exchangers, as well as 
other applications involving the transfer of 
heat. 
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Characteristics of Ferritic Stainless Steel 


* High Oxidation Resistance 


* Ferritic stainless steel is exceptionally resistant 
to oxidation, notably at high temperatures. 
This resistance is a result of the formation of a 
protective chromium-oxide film on the steel’s 
surface. 


* It is possible to improve oxidation resistance 
even more by including silicon and/or 
aluminum when manufacturing ferritic steel. 
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Applications 


¢ Furness parts 

* Food industries 
¢ Pressure vessel 
* Heaters 

¢ Sugar industry 
* Boilers 

* Heat exchangers 
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Martensitic 


These steels are similar to ferritic steels in being based on Chromium but 
have higher Carbon levels up to as high as 1% 

This allows them to be hardened and tempered much like carbon and low- 
alloy steels. 

They are used where high strength and moderate corrosion resistance is 
required. 

They are more common in long products than in sheet and plate form. 


They have generally low weldability and formability and are magnetic. 
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Martensitic ray 


* Consist of carbon (0.2-1.0%), chromium (10.5-18%) and 
iron. 

* These materials may be heat treated, in a similar 
manner to conventional steels, to provide a range of 
mechanical properties, but offer higher hardenability 
and have different heat treatment temperatures. 

* Their corrosion resistance may be described as 
moderate (i.e. their corrosion performance is poorer 
than other stainless steels of the same chromium and 
alloy content). 

* They are ferromagnetic, subject to an impact transition 
at low temperatures and possess poor formability. Their 
thermal expansion and other thermal properties are 
similar to conventional steels. 
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e Martensitic alloys contain lower amounts of 
chromium (between 12-14%) and are less 
corrosion resistant than austenitic and ferritic 
alloys. Their properties include: 

e Extreme strength and toughness 

e Can be work-hardened 

e High machinability and workability to tight 
tolerances 

e Smooth surface finish 
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Martensitic StainLess Steels 


# 12 to 18% chromium * Fasteners 
= Basic ¢ Shafts 
Characteristics * Springs 
* Are magnetic = Grades/Forms 
* Can be Tempered by * Metallurgical 
"heat treatment" structure - 
* Have "poor" welding Martensitic 
characteristics ¢ Grade: 410 (most 


used), 420 (cutlery), 


= Common Uses 440C (for very high 
* Knife blades hardness) 
¢ Surgical instruments ¢ UNS: S41000, 
$42000, S44004 "— 


Engineering-45: Materials of Engineering Bruce Mayer, PE 
12 Bijaye@orseerColege aoy  ENGEAS Lecce Mets_Accs=ecesez ex CHABOT 


eoveee 


© Copyrights 2018 HITAM. All rights reserved. 


19 


= scalpels, knives, hooks and tweezers in medical applications, 
drive systems and high performance parts for airplanes, turbine 
blades, knife blades, surgical instruments, shafts, pins, springs. 


knives 
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AUSTENITIC STAINLESS STEEL: 


, IS WIDELY USED 


18% Cr 8%Ni 


IT IS NON MAGNETIC. AS AUSTENITE PHASE IS 
NONMAGNETIC IN NATURE. 

15-20 % Cr , 7-10 % Ni, REST IS IRON AND 
CARBON % ALMOST NIL. 

210 BHN, UTS 11500 PSI. 
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Austenitic stainless steels 


. If austenitic s : te 
carbides form along ‘the austenite grains bouridarjaal 


When heated to between 500°C to 850°C, 
carbides form at grain boundaries. Grains become 
depleted in chromium and lose their corrosion 
resistance 


= This causes depletion of chromium from the grains resulting in decreasing the 
corrosion protective passive film. 


= This effect is called sensitization. It is particularly important in welding of 
austenitic stainless steels to use low heat input and restrict the maximum 
interpass temperature to around 175 °C. 


= Small quantities of either titanium or niobium added to stabilise the material 
will inhibit the formation of chromium carbides 


© Copyrights 2018 HITAM. All rights reserved. 


22 


Characteristics EG 


These steels are the most common. Their microstructure is derived from the 
addition of Nickel, Manganese and Nitrogen. 

This structure gives these steels their characteristic combination of weld 
ability and formability. 

They cannot be hardened by heat treatment but have the useful property of 
being able to be work hardened to high strength levels whilst retaining a 
useful level of ductility and toughness. 


They are nominally non-magnetic but usually exhibit some magnetic response 


depending on the composition and the work hardening of the steel 
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Austenitic Stainless Steel 
a 


=" Most corrosion resistant of all types of stainless steel 
" Formed between 912 — 1394'C 


* AISI 302,304 - Chromium18%, Nickel 8% and Carbon 
0.15%(302) Or 0.08%(304) — 18-8 stainless steel 


"  Austenite is preferred to Ferritic because of greater ductility, 
ability to undergo more cold work without fracture. Increased| C 
strength during cold working, ease of welding, readily 
overcomes sensitisation, less critical grain growth and ease FACE CENTERED 


of forming 
CUBIC LATTICE 


= When austenite is allowed to cool slowly to room 
temperature it forms Fe and ferrite. The iron carbide 


compound is called cementite and the solid solution of 
ferrite along with cementite is called pearlite 
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= non magnetic 


= high weldability 

= high ductility 

= high toughness 

= high formability 

= high corrosion resistance 
= high creep resistance 


= resistant to oxidizing acids, alkalis 
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The characteristics of the broad group of stainless steels can be viewed as 


compared to the more familiar plain carbon "mild" steels. As a generalisation the 


stainless steels have 
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STAINLESS STEELS ARE USED IN AN ALMOST ENDLESS NUMBER OF APPLICATIONS AND INDUSTRIES 
bulk materials handling equipment petroleum refining, 
building exteriors and roofing water supply piping 


automobile components (exhaust, consumer products 


° ] corative Hoi > faste =rs ay] , ° - . : 
trim/decorative, engine, fasteners, tul ing) marine and shipbuilding 


>hemical processing plants (scrubbers 
chemical processing plants (scrubber pollution control 


and heat exchangers) 
sporting goods (snow skis) 


pulp and paper manufacturing ; 
transportation (rail cars) 
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